With the introduction of a septum-sealed container for blood samples taken under the Road Traffic Act, 1972, it was felt desirable that a better method for sampling the blood for alcohol analysis than the existing methods should be developed.
The new container is a squat 5 ml glass vial, coated internally with an anticoagulant and preservative powder and sealed with a rubber septum and aluminium overseal. A blood sample is taken from the subject by a doctor with a hypodermic syringe and is injected into the vial through the septum.
A system which draws blood through the septum for analysis is highly desirable for laboratory safety reasons, and would have the additional advantage of minimizing losses of volatiles-for example, ethanol -from the blood during the process. A direct sampling system would also speed up the rate of handling ofsamples, and should readily lend itself for development if a fully automatic sampler is required in the future.
The analytical equipment used in this laboratory for blood alcohol analysis consists of two PerkinElmer F40 Multifract automatic headspace gas chromatographs. 20 pi samples of blood are diluted with 200 pi of a 0.015 % aqueous solution of npropanol, using a Griffin Diluspence, and presented to the F40 in septum-sealed glass vials. The F40, which has a capacity of 30 samples per loading, sequentially samples the headspace vapour in each vial. Bya fortunate coincidence, the septa of the F40 vials are identical in size to those used on the new Road Traffic Act blood vials.
THE DEVICE
needles must be removed. (6) A safety interlock is required to prevent contamination of original sample with diluent.
(1) Each blood sample and associated dilution container must be in a discrete unit for sample integrity. (8) The sample identification label must not be damaged. The device (Figs. 1-4) described below is essentially a sampling head which replaces the probe of a Diluspence. Criteria deemed necessary in the new design were as follows: (I) The sample vial must not be opened. (2) Blood must be dispensed into a Sampling head further sealed vial. (3) To ensure reproducibility the vial must be vented to atmosphere prior to sampling, The sampling head is mounted on a commercially to relieve any excess pressure in the blood vial. is attached to the drill carrier by means of an extension bar. This bears a crossbar in which slide two spring-loaded vertical rods, At the lower ends of the rods is fixed a Perspex guide disc. The spring loading in the sampling head ensures that an upward force of 41b(l.8 kg) is required before the Perspex disccan rise. Attached to the Perspex disc and protruding 10 mm below is a wide-bore hypodermic needle, which acts as a venting probe. Flexible tubing connects this via aT-piece to a liquid trap and a vacuum pump. Normally the side arm of the T-piece is open to the atmosphere, but a simple valve closes the side arm during part of the sampling process, and thus suction is applied to the vent needle.
A long sampling needle, connected to a Diluspence, is rigidly fixed to the crossbar and extends between the guide rods, with its tip passing through a hole in the Perspex disc adjacent to the vent needle. At rest the tip of the needle resides level with the lower face of the Perspex disc.
The blood sample is held in a Perspex block with two F40 bottles. The depth of drilling is such that all three septa are at the same height above the base of the block. Perspex blocks are convenient units for holding the blood vials both securely and neatly, since the vials are rather unwieldy items, owing to their bearing large labels, when handled in quantity. A slot is cut in the block to accommodate the label attached to the blood sample.
The block slides in a carrier affixed to the drill stand base beneath the sampling head. A springloaded plunger in the side of the carrier enters holes in the side of the block to locate each bottle beneath the sampling head. The top of the carrier is a slotted Perspex sheet, the slots allowing tongues on the Perspex disc to enter and guide any slightly mis- closes the side arm of the vent system T-piece, and suction clears any liquid from the vent needle.
Dispensings-«The F40 sample bottle is located beneath the sampling head, which is then lowered. Venting takes place followed by the insertion of the sampling needle. Delivery of blood and diluent into the F40 bottle is effected by the normal operation of the Diluspence tap to 'Out'. Both needles are wiped by the bottle septum on withdrawal.
Flushing.-Anti-contamination features: Suction is applied to the vent needle when the head is fully raised, clearing any blood away from the tip and thus preventing any blood in the vent needle from being carried over into the F40 dilution bottle. This is necessary since a pressurized sample bottle can blow many microlitres of blood into the vent needle on penetrating the septum. Between samples a sealed F40 bottle full of water is presented to the sampling head. When both needles are fully through the septum, several aliquots of diluent are flushed through the sample needle, thus also forcing water and diluent through the vent needle. When the head is raised to its uppermost position, suction is applied, clearing any excess liquid from the vent needle.
lnterlock.-To prevent any diluent being inadvertently discharged into the blood sample vial, a solenoid-operated locking bar is fitted to the Diluspence, so that, when energized, the solenoid prevents the operating tap from being turned from 'In'to 'Out'.
Two microswitches in series with each other and the solenoid are fitted. One switch is located on the drill stand base and senses when the sampling block is positioned with the blood sample beneath the sampling head. The second switch is operated by an extension arm on the Diluspence tap, and closes its contacts when the tap is in the 'In' position.
Thus, when a blood sample is in position beneath the sample needle, as soon as the Diluspence tap is turned to 'In' the locking bar moves across and prevents the tap being moved to 'Out'. Only when the head is raised, and the F40 bottle moved beneath the needles, will the solenoid be de-energized and discharge of the sample be possible.
CoNCLUSIONS
Experiments during the development of this apparatus showed that a venting needle was a necessity in sampling sealed blood vials. If excess pressure (generated by forcing liquid with a hypodermic syringe into a septum-sealed container) was not relieved,low analytical results were almost invariably obtained. With venting, dilution of blood samples for alcohol analysis could be accurately carried out, and sets of this apparatus are now in routine use in this laboratory.
Sampling.-The blood sample is placed beneath the sampling head and the head is lowered by operating the drill stand handle towards the carrier. After the bottle neck has been located precisely beneath the head by means of the guides on the disc the vent needle penetrates the septum, relieving any excess pressure. When the vent needle is fully through the septum, additional movement of the hand lever overcomes the spring loading of the head and causes the sampling needle to penetrate the septum and enter the blood. The amount of vertical movement is set to allow the tip of the sample needle to reach within 1 rom of the bottom of the blood sample. An aliquot of blood is then withdrawn by turning the Diluspence tap to the 'In' position.
After sampling, the head is raised, assisted by the springs, the sample needle leaving the septum followed by the vent needle. Any blood on the outside of the needles is wiped off by the septum. When the sampling head is in the fully raised position, a valve
